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(Fe,Mg)2SiO4	+	H2O	à	Mg3Si2O5(OH)4	+	Fe3O4	+	H2	
(Delvigne	et.	al.,	1979;	Yaouancq	and	MacLeod,	2000).	This	reaction	most	likely	
occurred	with	seawater	while	the	ophiolite	was	still	located	on	the	seafloor,	but	its	
exact	timing	is	unclear.	As	we	observed	in	our	thin	sections,	this	reaction	tends	to	
leave	thin	veins	of	magnetite	with	serpentine	on	either	side;	the	alteration	pattern	
follows	existing	fractures	in	the	olivine.	If	these	fractures	are	random,	then	the	
resulting	serpentine-magnetite	skeleton	will	likely	trace	out	the	overall	shape	of	the	
olivine	crystal.	Olivine	can	also	be	associated	with	primary	magnetite	in	igneous	
rocks,	as	well	as	other	ores	such	as	titanomagnetite,	ilmenite,	and	Fe-Ni-Cu	
sulphides	(Delvigne	et.	al.,	1979).	
Considering	that	the	magnetite	in	our	samples	appears	to	be	largely	due	to	
alteration	of	olivine	and	did	not	crystallize	from	the	original	magma,	it	is	interesting	
that	our	AMS	results	show	any	consistent	directions	at	all,	let	alone	ellipsoid	axes	
that	are	so	consistent	and	match	so	closely	with	our	rock	fabric	orientations.	
However,	given	that	the	directions	within	each	site	are	so	consistent	throughout	
nearly	all	of	our	data,	it	would	make	sense	for	there	to	be	some	kind	of	pattern	for	
the	magnetic	minerals	to	follow,	because	the	results	are	very	clearly	not	random.	
One	possibility	is	that	the	alteration	fractures	in	the	olivine	are	randomly	oriented	
overall,	which	could	mean	that	the	alignment	of	the	secondary	magnetite	depends	
on	either	the	shape-preferred	orientation	of	the	olivine	crystals	or	their	
compositional	layering	within	the	gabbros.	Another	possibility	pointed	out	by	
Yaouancq	and	MacLeod	(2000)	is	that	the	fractures	in	the	olivine	are	not	random,	
but	instead	follow	the	overall	rock	fabric,	since	foliation	planes	in	the	gabbros	could	
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have	provided	planes	of	relative	weakness	along	which	water	could	flow	during	the	
serpentinization	process.	This	scenario	would	mean	that	the	AMS	fabric	would	be	
dependent	on	the	overall	foliation	orientations	in	the	rock	rather	than	the	alignment	
of	only	the	olivine	crystals.	Unfortunately,	the	difference	between	these	two	
scenarios	is	subtle	in	terms	of	results	and	the	data	from	this	project	does	not	seem	
to	be	enough	to	distinguish	between	them,	so	whether	Yaouancq	and	MacLeod	were	
right	is	difficult	to	say.	However,	they	and	others	(Luyendyk	and	Day,	1982;	
Kawamura	et.	al.,	2005)	do	agree	with	our	conclusion	that	the	magnetic	fabric	of	the	
foliated	gabbros	is	largely	due	to	the	presence	of	secondary	magnetite.	
7.	Conclusion	
	 Upon	measuring	both	the	AMS	and	visual	fabrics	in	our	samples,	we	found	
that	the	two	did	coincide	and	that	AMS	is	a	useful	method	for	studying	magma	flow	
directions	in	these	rocks.	Data	taken	at	the	Institute	for	Rock	Magnetism	show	that	
the	AMS	signal	is	largely	due	to	magnetite,	with	a	possible	minor	presence	of	other	
magnetic	minerals.	Thin	sections	taken	from	our	samples	show	us	that	much	of	the	
magnetite	present	is	likely	due	to	serpentinization	and	secondary	mineralization	
from	the	olivine	in	the	gabbros,	suggesting	that	the	presence	of	olivine	is	necessary	
for	the	magnetic	fabric	to	be	clear	and	consistent.	Our	AMS	directions	are	likely	due	
to	the	fact	that	the	magnetite	roughly	imitates	either	the	shape	of	the	olivine	crystals	
or	the	foliation	planes	in	the	rock.	Either	way,	the	overall	alignment	of	the	magnetite	
matches	the	directions	of	the	primary	rock	fabric.	
	 Our	AMS	fabric	directions	are	remarkably	consistent	and	show	a	foliation	
(Kmax-Kint	plane)	direction	that	largely	matches	both	the	mesoscopic	foliations	
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measured	in	the	field	and	the	trend	of	the	nearby	inferred	ridge	axis,	with	a	
magnetic	lineation	(Kmax	direction)	that	moderately	plunges	toward	the	Maqsad	
diapir	to	the	northwest.	The	foliation	is	dipping	steeply	to	the	southwest,	away	from	
the	inferred	ridge,	since	the	study	site	is	just	to	the	south	of	it.	The	fabric	directions	
from	this	site	suggest	that	magma	was	being	pushed	up	and	out	from	the	diapir	
along	the	ridge	axis.	
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